The prevalence of osteopenia/osteoporosis has not been sufficiently studied in people with bronchiectasis not due to cystic fibrosis (BC), nor has its relationship with other variables (clinical, body composition and bone turnover and inflammation markers) been sufficiently studied. Our aim was to determine the prevalence of osteopenia and osteoporosis and related factors in patients with Bc. We did a cross-sectional study in people with Bc in a clinically stable state. Spirometric parameters, annual exacerbations and analysis with bone turnover markers (BTM) and inflammation markers were evaluated. Densitometry (DXA) was performed for body composition, bone mineral density (BMD) and handgrip strength. 123 patients were studied (65% women, mean age 49.6 ± 18.8, Body Mass Index (BMI) 24.8 ± 4.7 kg/m 2 ). 62.8% and 62.5% of men and women, respectively, had normal bone mineral density, 30.2% and 22.2% osteopenia and 7% and 15% osteoporosis. 52 patients (56.2%) had low fatfree mass: 68.9% women and 28.6% men. Patients with decreased bone mass had significantly lower muscle strength, maximum expiratory volume in the first second (FEV1%), vitamin D, higher levels of C-terminal telopeptide of type 1 collagen (CTX) and total osteocalcin and underarboxylated osteocalcin (ucOC). We observed significant and negative correlations between BMD and the number of serious exacerbations per year CTX and undercarboxylated osteocalcin. We observed significant positive correlations between BMD, fat free mass index (FFMI) and handgrip dynamometry. The study suggest that the prevalence of osteoporosis was high in relation to the demographic characteristics. Respiratory parameters, body composition, muscle strength and bone remodeling markers were associated with a lower bone mineral density.
Bronchorrhea, the amount of sputum produced per day expressed in millilitres, was evaluated according to the estimate of the patient during the three days prior to the visit 27 .
In the follow-up of all patients, the number of respiratory exacerbations is recorded prospectively. At the time of the annual study, respiratory exacerbations were recorded in the year prior to the evaluation. They were divided into mild-moderate (with oral antibiotic administration) and severe (when the administration of antibiotic treatment via intravenous route at home or with hospital admission was necessary).
Dietary questionnaire. A 4 day dietary questionnaire of prospective dietary records was conducted (including one day of the weekend) according to the protocol published by our group to quantify calcium and vitamin D intake 28 . These data were analyzed with a computer application designed by our group for this purpose (Dietstat), and the food composition tables of Jiménez and Mataix were used 29,30 . Assessment of nutritional status and bone mineral density. Definition of osteoporosis. Dual energy densitometry (DXA) was performed using a Lunar Prodigy Advance densitometer (General Electric Medical Systems), providing information on total body composition (fat free mass, fat mass, bone mineral quantity -BMQ-) and bone mineral density (BMD) at the level of the lumbar spine (L2-L4) expressed in g/cm2, T-score and Z-score were compared with reference values 31 and the diagnosis of osteopenia/osteoporosis was established according to WHO criteria and National Osteoporosis Foundation (NOF) guidelines 8, 32, 33 The software used was EnCore 12.3 (iDXA and Prodigy Advance). The prevalence of low lean mass was assessed using the fat free mass index (FFMI: kg of lean mass/height 2 ) according to ESPEN (European Society of Parenteral and Enteral Nutrition) criteria (<15 women or <17 men kg/m 2 ) 34 . Muscle strength was assessed using Jamar handgrip dynamometry (Asimow Engineering Co., Los Angeles, CA), expressing the data in absolute figures and defining low strength values below the population 10th percentile 13,34,35 . Laboratory measurements. Blood samples were collected after a 12 hour fast, coinciding with the day of performing the bone densitometry. The extractions were completed after a clinical examination to confirm that the patients were in a stable phase. Plasma and serum were separated into aliquots and stored until analysis at −80 °C in the Hospital-IBIMA biobank, which forms part of the biobank of the public health system of Andalusia (BSSPA) and of the Spanish National Biobank Platform (PT13/0010/0006). Vitamin D was analyzed by electrochemiluminescent immunoassay (Modular E-170, Roche Diagnostics). The serum levels of inflammation and bone turnover biomarkers were determined by enzyme immunoassay techniques: Inflammatory cytokines (tumoral necrosis factor -alpha -TNFα-, Interleukin 6 -IL-6-) were measured using enzyme-immunoassay (EIA) (R&D Systems Europe Ltd). TNFα and IL-6 had intra-assay CV of 6 and 2,8% and inter-assay CV of 6% and 4,9% respectively. Serum levels of bone metabolism markers were determined by inmunoenzymatic microELISA assay. Undercarboxylated osteocalcin (TAKARA Bio INC, Japan) (intra-assay CV = 5,1%; inter-assay CV = 8,3%); Osteocalcin (R&D Systems Europe Ltd) (intra-assay CV = 3,1%; inter-assay CV = 7,2%); CTX (Serum CrossLaps, IDS-UK-)(intra-assay CV = 7,1%; inter-assay CV = 6,2%) and RANKL (InmmunoDiagnostics System,Germany) (intra-assay CV = 6.4%; inter-assay CV = 5.6%). All these determinations were quantified in Versamax (MTX Lab System, Barcelona, Spain).
Data analysis.
The Kolmogorov-Smirnov test was used to examine the normality of the quantitative variables that were expressed as the mean ± standard deviation. The differences between groups were analyzed by variance analysis adjusted for age and sex. Non-parametric tests (Mann-Whitney) were used when the variables to be analyzed did not follow a normal distribution. The qualitative variables were expressed as proportions, whose differences between groups were analyzed using the Chi-square test. The associations of variables were evaluated by estimating the Pearson or Spearman correlation coefficient (according to normality). For all calculations, a p probability of less than 0.05 significant for two tails was considered significant. The data analysis was performed with the SPSS 22.0 program (SPSS Inc., Chicago, IL, 2013). 
ethics.

Results
123 patients were included who underwent bone densitometry in the lumbar spine. The general characteristics are shown in Table 1 . 64.2% had normal BMD, 23.6% had osteopenia and 12.2% had osteoporosis. Only 3 patients who were women (2.4%) had suffered bone fractures due to osteoporosis ( Table 2 ). We did not find significant differences between subjects with and without osteoporotic fractures. Patients diagnosed with osteoporosis and fractures vs. patients with osteoporosis without fractures presented: age 79.5 ± 6.8 vs 61.1 ± 16.4 (p = 0.84); FEV1 69.4 ± 27.6 vs 64.3 ± 22.2 (p = 0.78), exacerbations 2.3 ± 1.5 vs 2.4 ± 1.3 (p = 0.26); S.aureus colonization 0.43 ± 0.39 vs 1.0 ± 0.21 (p = 0.07), H.influenzae colonization 0.33 ± 0.49 vs 0.33 ± 0.57 (p = 1.0), colonization by P. aeruginosa 1.0 ± 0.11 vs 0.67 ± 0.49 (p = 0.28), T-score −3.1 ± 0.6 vs 3.4 ± 0.9 (p = 0.62). We found a prevalence of osteopenia of 23.6% and osteoporosis of 12.2%, increasing the latter progressively with age (2.3% in patients under 45, 18.7% in 45-65 and older than 65 years 38.9% ( Fig. 2 ) and we observed a tendency (p = 0.08) in the subjects with fractures to have a higher age. 5 www.nature.com/scientificreports www.nature.com/scientificreports/ bisphosphonates, with a mean duration of 1.65 years (from 7 months to 2.6 years). Of the subjects who received treatment, 1 (20%) had osteopenia at the time of the densitometric study and 4 (80%) osteoporosis.
We evaluated if there were differences in relation to the smoking habit, there were no significant differences depending on the ex-smoker and smoker condition in the evaluated parameters. We did not find differences relating to the presence of colonizations by pathogens. We observed a tendency between presenting colonization with S.aureus and osteoporosis (p = 0.076)". 42 .3% (52) were supplemented with calcium and 55.3% (68) with vitamin D. 52.2% (64) had vitamin D levels greater than 30 mcg/dl, 27.8% 34 between 20-30 mcg/dl and 20% 25 less than 20 mcg/dl. In addition, we analyzed the levels of calcium and phosphorus and no patient presented alterations in the levels of these ( Table 3) .
Of the 123 patients, DXA for body composition was carried out in 91 patients and handgrip dinamometry in 81. However, we did not observe differences in the variables exacerbations, bronchorrhea, FEV1, bone BC (n = 123) BMD (g/cm 2 ) m ± SD Men n (%) 3 (7) Women n (%) 12 (15) Antiresortive treatment (BP) n (%)
Osteoporosis n (%) 4 (80) www.nature.com/scientificreports www.nature.com/scientificreports/ status (BMD, BMQ and T-score) and BTMs among patients in whom the techniques were performed or not." 52 patients (56.2%) had low fat-free mass: 68.9% women and 28.6% men, according to the ESPEN criteria. Table 3 shows the variables evaluated according to the presence or absence of osteopenia or osteoporosis. We found significant differences when adjusting for age and sex for FEV1 (%), vitamin D levels, CTX, human osteocalcin and undercarboxylated osteocalcin. In addition, we observed a significantly higher percentage of patients taking proton pump inhibitors (PPIs) in the osteoporosis group when compared with subjects who had osteopenia. There was a non-significant tendency to have a greater number of exacerbations, IL-6 levels and lower FFMI and muscle strength in subjects with osteoporosis.
The patients who took azithromycin chronically had significantly higher ucOC levels when compared with those who did not (5.3 ± 2.2 vs 4.7 ± 2.6, p = 0.037) without differences for total osteocalcin. 77.2% received treatment with inhaled corticosteroids (CTCs). There were no differences to those who did not receive inhaled CTCs in relation to BMD or the other clinical variables analyzed; only a tendency close to the significance p = 0.055 was observed of having higher levels of total osteocalcin in those who took vs. those who did not. correlations between respiratory, densitometric, body composition and analytical variables. Negative correlations were observed between age with: BMD g/cm 2 (r = −0.199, p = 0.039) and BMQ (r = −0.210, p = 0.048).
Significant and negative correlations were observed between the number of severe exacerbations per year and the T-score (r = −0.272, p = 0.019); between CTX and BMD g/cm 2 (r = −0.227, p = 0.019), between undercarboxylated osteocalcin and Z-score (r = −0.299, p = 0.002) and between total osteocalcin and FVC (r = −0.193, p = 0.040).
We observed positive correlations between severe exacerbations and CTX (r = 0.254, p = 0.016); between the FFMI and between the handgrip dynamometry and BMD g/cm 2 (r = 0.463, p < 0.001). We also found positive and significant correlations between vitamin D levels with FFM (r = 0.334, p < 0.001) and with the adjusted dynamometer per kg of lean mass (r = 0.314, p = 0.049).
Discussion
Our study is the first to evaluate the prevalence of osteopenia and osteoporosis in a large sample of patients with BC and its association with multiple respiratory parameters, nutritional (body composition, diet and muscle strength) and analytical (vitamin D, bone turnover and inflammatory biomarkers).
65% of our sample were women and the average age of our sample was 49.6 years. The average age of our population is younger than that published in the literature for BC in the Spanish population 36 . In relation to osteoporosis, if we compare the general characteristics of the cohort to international cohorts or the Spanish Historical cohort, patients in the present cohort are younger (65 vs 50 years), and are more often females (55% vs 65%).
We found a prevalence of osteopenia of 23.6% and osteoporosis of 12.2%, increasing the latter progressively with age (2.3% in patients under 45, 18 .7% in 45-65 and older than 65 years 38.9%).
There are few studies that evaluate the prevalence of osteoporosis without fractures in the Spanish population following the densitometric criteria. In the study carried out by Diaz Curiel et al., the prevalence of osteopenia was estimated as 31.9% and of osteoporosis as 4.3% in the age group 40 and 49 in women 31 . In another study carried out by same investigator, the prevalence of osteoporosis in the lumbar spine in women is: 0.34% in the group aged 20-44 years; 4.31% in the group aged 45-49 years; up to 9.09% in the group aged 50-59 years; 24.29% in the 60-69 years, and 40.0% in the group aged 70-79 years. The prevalence of osteoporosis in the femoral neck in women is: 0.17% in the group aged 20-44 years, 0% in the 45-49 years, up to 1.3% in the 50-59 years, 5.71% in the 60-69 years and 24.24% in the group aged 70-79 years 37 . The prevalence of post-menopausal osteoporosis in the general population increases with age from 15% for ages between 50 and 59 years to a prevalence greater than 80% for women over 80 years of age 38 . In our study, the population with BC is younger (therefore with a lower prevalence of post-menopausal osteoporosis) and has male representation. Thus, the results obtained in our work suggest that there could be a higher prevalence of osteoporosis than expected based only on demographic risk factors 10 . The proportion of males with osteopenia was 10.6% and with osteoporosis 2.4% of the total sample and 30.2% and 7% respectively, if only males were considered, with a mean age of 49.9 years. These data could be higher than those observed in males in the Spanish general population, with osteoporosis existing in only 1.1% of subjects with an average age of 65 years 39 .
In another study performed in 113 subjects with BC, 70 of whom had undergone a bone study, it was observed that more than 85% of the patients had a decrease in BMD, with 27% osteoporosis and 59% osteopenia. These figures are much higher than those described in the general population and those found in our study, possibly motivated by the higher average age (72 years) and the greater proportion of women (90% of the sample) 24 . In this study, 50.4% received treatment with PPI and 39.8% with inhaled CTC and no significant correlations with the decrease in BMD (osteopenia or osteoporosis) were found. In our work, most subjects received inhaled CTC (77.2%), however as in Diehl's work, we did not find differences according to BMD. The prevalence of PPI consumption was 40.5% and we found a higher proportion of subjects undergoing PPI treatment in subjects with osteoporosis compared to those who had osteopenia. Although a non-significant trend was observed, we did not find differences when comparing them with those who had normal BMD.
BC are characterized by an increase in the respiratory tract and systemic inflammation 40, 41 . The increase in systemic inflammation, determined by markers such as C reactive protein (CRP), IL-6 or TNF-alpha, has been associated with a decrease in bone mass in subjects with COPD 16 and with decrease in fat free mass and a greater number of exacerbations, even in stable patients 11, 12 . In our study, we observed an increase in the levels of IL-6 and TNF-alpha in subjects with osteoporosis, although they did not reach significant differences when compared with normal ones. However, we did observe significant correlations between severe exacerbations in the last year (clinical marker of inflammation) and bone mass, as well as lower spirometric values in patients with osteoporosis and osteopenia. There are few studies in which the nutritional status in BC is evaluated, beyond the description of the BMI 15, 42 . In the present work, the average BMI was normal, however, to make a more adequate approach to the assessment of nutritional status, it is also necessary to know the body composition 15 . We observed a high prevalence of low fat-free mass according to the criteria established by ESPEN, much higher in women (68.9%) when compared with men (28.6%). The FFMI was higher in those who had a normal BMD compared to those who had osteopenia and osteoporosis although it did not reach statistical significance. On the other hand, we found significant positive correlations between FFMI and handgrip dynamometry with BMD and between vitamin D levels with fat free mass and dynamometry. In addition, we observed, significantly, that patients with osteopenia had greater muscle strength than those who had osteoporosis as determined by dynamometry and adjusted per kg of FFM. Rikkonen et al. also found associations between fat-free mass and muscle strength and BMD in women with post-menopausal osteoporosis, being independent factors for the prediction of osteoporosis 43 . These results may be of clinical importance as the increase in lean mass and muscle strength prevents falls and stimulates bone formation 44 .
Vitamin D plays a key role in the regulation of calcium and bone homeostasis, as well as the increase in pro-inflammatory cytokines 7 . Low levels of 25-OH-vitamin D are also associated with muscle weakness and increased risk of falls 24, 45 . In our study, we found a deficit of vitamin D of 20%, if the limit of normality is considered to be 20 mcg/dl, and of 47.8% if the limit is considered to be 30 mcg/dl, data similar to those available in the general population despite a non-negligible percentage of subjects were receiving supplementation 11 . Associations have been observed between low levels of vitamin D and BMD in different populations, including patients with COPD 24, 45 We only found this association when comparing subjects with osteopenia and osteoporosis, possibly because a high percentage received supplementation.
People with BC who are being treated with antibiotics for a long time, especially those with the highest number of exacerbations, may have a subclinical vitamin K deficit (due to a lower intestinal production of vitamin K2, when the microbiota is altered) 17, 18 . In addition to coagulation, vitamin K acts as a co-factor for some proteins involved in bone mineralization such as osteocalcin (bone formation marker) and in the regulation of bone matrix calcification 19, 46 . Vitamin K also inhibits the production of prostaglandin E2 and interleukin 6 (IL-6), which are known bone resorption agents 47 . In our study we observed that subjects with osteoporosis had higher levels of osteocalcin than subjects with normal BMD and osteopenia, probably in relation to an increase in bone turnover. We also found higher levels of undercarboxylated osteocalcin in patients with osteoporosis when compared with those with normal BMD. Given that patients with osteoporosis had a greater number of respiratory exacerbations, that patients receiving regular treatment with Azithromycin had significantly higher levels of undercarboxylated osteocalcin, and considering that levels of undercarboxylated osteocalcin rise with vitamin K deficiency 48 , it could be speculated that the higher consumption of antibiotics could predispose a sub-clinical vitamin K deficiency and a greater loss of bone mass.
Bone turnover markers predict the rate of bone formation and destruction and in some studies have been linked to the risk of fracture 20 . Subjects with osteoporosis had significantly higher levels of CTX but not RANKL when compared with those with normal BMD and osteopenia. We also observed significant associations between CTX levels, BMD, and the number of serious exacerbations, which points to its possible usefulness in the diagnosis and follow-up of these patients.
The strengths of the study include the fact that it is the first to evaluate the prevalence of osteopenia and osteoporosis in a large sample of patients with BC, assessing its association with multiple parameters such as body composition (lean mass status), muscle strength, respiratory parameters, state of vitamins D and K and bone turnover and inflammation biomarkers. However, it is not without limitations: it is a single centre and cross sectional study, which prevents us from drawing causal conclusions, so we can only speculate with different associations. The measurement of vitamin D was not carried out homogeneously at the end of winter.
conclusion
In conclusion, the prevalence of osteoporosis was high in our serie. Respiratory parameters, fat-free mass, muscle strength and markers of bone turnover were associated with lower bone mineral density. The conducting of prospective studies will allow a more extensive consideration of these associations.
